Summary. In two experiments, mature Merino ewes were fitted with subcutaneous implants containing oestradiol-17\g=b\ or empty implants (control). Peripheral concentrations of LH and FSH were measured during luteal and follicular phases, which were synchronized by means of intravaginal progestagen-impregnated sponges. The ovulation rates of the ewes were determined by laparoscopy, 1 week after luteolysis. In Exp. 1, small implants (3 mm) decreased the LH pulse frequency before luteolysis. In the ewes with oestradiol implants, the amplitude of the preovulatory surge of LH was reduced and the onsets of the LH and FSH surges were delayed. There was no effect of oestradiol on LH baseline, LH pulse amplitude or in the concentration of FSH during the luteal or follicular phases. In Exp. 2, larger implants (10 mm) were inserted for the luteal, follicular, or luteal + follicular phases. The control ewes had empty implants. In the ewes with oestradiol implants, LH pulse frequencies were decreased during the luteal phase. This decrease persisted throughout the follicular phase, even though the oestradiol implants had been removed. There were no differences in the other measures of LH or FSH in the luteal or follicular phases. Ovulation rates were not affected by oestradiol treatment in either experiment, indicating that the regulation of LH pulse frequency is not a critical factor in the determination of ovulation rate in ewes. This was supported by retrospective analysis of the gonadotrophin profiles of single and twin-ovulating ewes, in which all measures of LH were similar between the two groups. However, twin-bearing ewes had slightly higher circulating concentrations of FSH during the luteal phase. As the difference in FSH was not large (13%), and it disappeared after luteolysis, it is difficult to postulate that FSH plays a major role in the final selection of the preovulatory follicle(s) in the ewe.
Introduction
There are conflicting reports on the roles of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) in determining the ovulation rate of ewes. Bindon (1984) compared fecund Booroola and normal Merino ewes and concluded that ovulation rate was independent of the amount and pattern of LH secreted in the preovulatory period. Similarly, some researchers examining the nutritional stimulation of ovulation rate have found no effects on pituitary LH content or basal plasma LH concentrations before or after the preovulatory LH surge (Haresign, 1981; Rhind et al., 1984) . Conversely, others have reported that mean basal concentrations and pulse frequency of LH were significantly higher in ewes with a higher ovulation rate (Thomas et al., 1984; Wallace et al., 1985) .
The same confusion persists with regard to the role of FSH; Findlay & Cumming (1976) found that ovulation rate was not correlated with FSH and Rhind et al. (1986) concluded that ovulation rate is not a function of FSH concentration at any time of the cycle. Contrary to this, Rhind & McNeiUy ( 1986) suggested that ovulation rate is controlled through FSH and McNatty et al ( 1985) have demonstrated that a 20-40% increase in the normal concentration of FSH during the 48 h before luteolysis increases twinning.
Oestradiol is also believed to be involved in the control of ovulation rate. Immunization against oestradiol or oestrone, during the luteal or follicular phase, leads to an increase in the frequency of LH pulses and an increase in ovulation rate (Scaramuzzi & Radford, 1983; Pathiraja et al, 1984) . Conversely, exogenous oestradiol, in the form of an implant, is known to decrease the ovulation rate of ewes (Webb & Gauld, 1987) . It might be expected that oestradiol would reduce the frequency of LH pulses during the luteal phase (Martin et al, 1983 
Experiment 2
The aim of Exp. 2 was to examine further the effects of the time and duration of oestradiol implantation on the circulating concentrations of LH and FSH during the follicular and luteal phases of the oestrous cycle.
Animals and treatment groups. Mature Merino ewes (N = 40) were randomized into 4 groups. As in Exp. 1, intravaginal progestagen-impregnated sponges were fitted to synchronize oestrus. The sponges remained in place for 12 days. For Group L, subcutaneous oestradiol implants were inserted for the final 2 days before sponge removal and served to examine the effects of oestradiol during the luteal phase. In Group F, oestradiol implants were inserted at the time of sponge removal and remained in place through ovulation to examine the effects of oestradiol during the follicular phase. Group L + F ewes received oestradiol implants during both the luteal and follicular phases and the Group C (control) ewes had empty implants inserted 2 days before sponge removal and left in place until ovulation.
The implants used in this experiment were 10 mm in length and were prepared as in Exp. 1. The length of the implant was greater than for those used in Exp. 1 because the duration of implantation was decreased. At 7 days after the sponges were removed, the ovaries of all ewes were examined by laparoscopy under local anaesthesia.
Blood sampling for hormone analysis. Blood was sampled from all ewes at 4-h intervals for4days, from2days before until 2 days after the removal of the progestagen sponges. These samples were analysed for FSH.
Superimposed on this regimen were two periods of intensive sampling for determining the pattern of LH secretion. In the first period, on the day before the removal of the intravaginal sponges samples were collected at 20-min intervals for 12 h and were representative of the luteal phase. In the second period, on the day after the removal of the progestagen sponges, samples were collected at 10-min intervals for 4 h and were representative of the follicular phase.
Hormone assays All samples were assayed for LH using a double-antibody radioimmunoassay (Martin et a!, 1980; Atkinson & Williamson, 1985) . Hormone preparation PNRS-M3 (M. Jutisz, College de France) was used for reference and iodination. The sensitivity of the assay was 0-035 ng/tube and non-specific binding was <3%. Two plasma pools containing 17-36 ± 0-37 and 8-52 + 0-19 ng LH/ml were included in each assay for the calculation of the inter-assay coefficients of variation which were 12-4% and 13-8%, respectively. Intra-assay coefficient of variation was 6-9%.
Samples were assayed for FSH using a double-antibody radioimmunoassay provided by the pituitary agency of NIH and validated in our laboratory (Atkinson & Adams, 1988) . Preparations NIAMDD-oFSH-RP-1 and NIAMDD-oFSH-I-1 were used for reference and iodination, respectively. Non-specific binding in the assay was 1-54 ± 012% and the sensitivity of the assay was 0-09ng/tube. Two plasma pools containing 0-83 ± 003 and 1-99 + 004 ng FSH/ml were included in each assay for the calculation of the inter-assay coefficients of variation, which were 17-9% and 10-0%, respectively. Intra-assay coefficient of variation was 8-6%.
Data analysis
Ovulation rates were compared using a 2 analysis with the control ovulation rate as the expected value. Log-logit transformations were applied to the standard curves of the assays (Rodbard, 1974) . The pulse frequency of LH was expressed as the mean number of peaks per group over 8 h and was determined using the 'Munro' pulse analysis program (Martin et a!, 1987) . The G parameters, or number of standard deviations by which a pulse must exceed the baseline, were 3-0, 2-4, 2-0, 1-5 and 1-2 for pulses composed of 1-5 samples, respectively. The Baxter parameters, or values needed to describe mathematically the relationship between the concentration of LH and the assay variation were 0-2138 (y intercept), 0-00359 (x coefficient), and 00029 (x2 coefficient). Data for FSH were normalized by transformation to log (x + 1). The hormone data were analysed with an ANOVA comparing the affects of oestradiol and empty implants or single and twin ovulators.
Results

Effect of implants
The small oestradiol implants used in this study did not significantly affect the ovulation rate. In Exp. 1, the ovulation rate for the implanted and control groups were 1 -38 and 1-47 respectively. In Exp. 2, the ovulation rate for Groups L, F, L + F, and C were 1-53, 1-48, 1-41 and 1 -47, respectively.
Implants reduced the frequency of LH pulses during the luteal phase of the cycle, in Exp. 1 and Exp. 2 (Fig. 1) . A combined ANOVA including both experiments indicated that overall mean also differed significantly (Fig. 1) . Implants did not affect the amplitude of LH pulses or the baseline concentration in either experiment. Similarly, implants did not affect the concentration of FSH in the luteal phase in either experiment.
There were fewer effects of implants on gonadotrophins during the follicular phase. In Exp. 1 there was no effect of implants on FSH or any characteristic of LH secretion 12 h after removal of the progestagen sponges (Fig. 2) . In Exp. 2 during the follicular phase, the LH pulse frequency was lower in ewes of Groups L, F and L + F than in Group C ewes (Fig. 2) . Neither LH baseline nor the amplitude of LH pulses were different between the implanted and control groups. The overall concentration of FSH was also similar in all groups.
In Exp. 1, the preovulatory surge of LH and FSH began earlier in the control ewes than in the ewes with oestradiol implants (Fig. 3) . The amplitude of the LH surge was significantly greater (P < 001) in the control ewes than in the oestradiol-implanted ewes (Fig. 3a) . The duration of the surges and the amplitude of the FSH surge did not differ between the two groups (Fig. 3b) .
Effects of ovulation rate
In a retrospective analysis, ewes that subsequently had twin ovulations were compared with ewes that had single ones. During the period before progestagen sponges were withdrawn (the luteal phase), ewes which twinned had higher concentrations of FSH; the differences were signifi¬ cant in Exp. 1 but not in Exp. 2 (Fig. 4 ). An ANOVA on the combined data indicated different mean FSH values for single-and twin-ovulating ewes (P = 0018; Fig. 4 (Baird & Scaramuzzi, 1976) and approximately 6µg/24h at oestrus (Baird et al, 1968) . The doses of oestradiol used in the present study were low (0-57 and 1-9 µg per 24 h) and comparable with the estimated production rates of oestradiol, so were within the physiological range. Although reliable assay data for the concentration of oestradiol are not available, this conclusion is supported by the failure of oestradiol treatment to reduce the ovulation rate.
The reduction of LH pulse frequency without an effect on ovulation rate can be explained in three ways. Firstly, the decrease in frequency may have been too small to alter the ovulation rate. The decline in frequency was around 50% and therefore this explanation appears unlikely, given that no difference in LH pulse frequency was found between single-and twin-ovulating ewes. Secondly, it could be that the increase in oestradiol produced by the implants compensated at the ovarian level for the lack of LH. This also appears unlikely, as the local concentration of oestradiol within the ovary would not be substantially increased by the amounts of oestradiol given. Thirdly, and most likely, is the possibility that LH secretion during the luteal phase may not play an important role in determining ovulation rate in the ewe. This is supported by studies comparing LH concentrations in standard Merino and Booroola (a fecund strain) ewes, which failed to demon¬ strate a relationship between LH secretion and prolificacy (Bindon, 1984) . Further, the adminis¬ tration of exogenous LH to produce widely varied concentrations of LH in the circulation did not change ovulation rate (McNatty et al, 1981) . These previous reports together with the results of the present experiments lead to the conclusion that luteal-phase LH secretion is not a major factor in the determination of ovulation rate in the ewe.
Emons et al (1986) (Bindon, 1984) . However, the difference in FSH concentrations between ewes bearing single and twin ovulations was so small in the present study that the combined data for 60 animals were needed before the difference became statistically signifi¬ cant. It is therefore difficult to postulate a principal role for FSH in the final selection of the dominant follicle in the ewe. It is possible that the differences observed in this and other studies may reflect the response of FSH to other factors which are, as yet, unidentified.
The effects of exogenous oestradiol on LH pulse frequency were observed while the ewes were under the influence of the intravaginal progestagen sponges, and also within 24 h of the removal of the sponges. This indicates that the hypothalamo-hypophysial axis was responding to the negative feedback effects of oestradiol (known to occur in the presence of progesterone) (Baird & Scaramuzzi, 1976; Hauger et al, 1977) , and it was also responding after the oestradiol had been removed. This was apparent in the ewes in Exp. 2 that were given implants during the luteal phase and had reduced LH-pulse frequencies during the follicular phase, even though the implants had been removed (see Group L, Fig. 2 ). This carry-over effect could be due to the oestradiol remaining in the circulation and continuing to affect LH pulsatility. Alternatively, the carry-over effect may result from a long-term delay in the recovery of the hypothalamo-hypophysial axis from the inhibi¬ tory effects of oestradiol. The metabolic clearance rate of oestradiol in the circulation is rapid (Challis et al, 1973) , and so the latter explanation is most likely. A similar carry-over effect was also observed on a larger scale when oestradiol implants suppressed the ovulation rate of ewes for at least one subsequent cycle (S. Atkinson & N. R. Adams, unpublished data). The doses of oestradiol used in those experiments were considerably larger, suggesting that the carry-over effect may be dose-dependent, or that exogenous oestradiol can alter ovulation rate by some means other than by changing LH pulse frequency.
